1. Introduction {#sec1-ijerph-15-01320}
===============

Cardiovascular malformations (CVMs) constitute one of the most common birth defects in newborns \[[@B1-ijerph-15-01320]\], and are a leading cause of perinatal and infant mortality \[[@B2-ijerph-15-01320]\]. The prevalence of CVMs ranges from three to 12 per 1000 infants and depends on case ascertainment, inclusion criteria, and duration of post birth follow-up \[[@B3-ijerph-15-01320],[@B4-ijerph-15-01320],[@B5-ijerph-15-01320]\]. The etiology of most CVMs is unknown, but possibly up to 30% are attributable to modifiable factors \[[@B6-ijerph-15-01320]\]. Genetic causes are estimated to account for \<20% of CVMs \[[@B7-ijerph-15-01320]\]. Approximately 5--10% of cases are associated with a chromosomal abnormality, 3--5% are related to defects in single genes, and around 2% to environmental factors. Causes of CVMs can also be multifactorial such as an interaction between several genetic and other factors \[[@B8-ijerph-15-01320]\]. At present, there is little information on potentially modifiable risk factors, which has made it difficult to develop population-based CVM prevention strategies \[[@B9-ijerph-15-01320]\].

The International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10) classifies a range of CVMs (ICD-10 codes Q20--Q28). ICD-10 code Q21 represents septal heart defects and includes, among others: atrial (ASD), ventricular, atrioventricular septal (AVSD), tetralogy of Fallot, and aorto-pulmonary defects---conditions that range from relatively mild to fatal. Ventricular septal defects (VSDs) are the most common form of cardiovascular malformations. A VSD can occur as an isolated anomaly or in conjunction with other cardiac malformations and/or genetic conditions \[[@B10-ijerph-15-01320]\]. Depending on their location in the interventricular septum, septal defects are described as perimembranous, muscular, subarterial, and inflow \[[@B11-ijerph-15-01320]\]. Echocardiography is the main imaging modality for the diagnosis and follow-up of VSDs \[[@B12-ijerph-15-01320]\]. Children with a VSD are at risk of endocarditis, pulmonary infection, ventricular arrhythmias, and death from heart failure or pulmonary hypertension \[[@B13-ijerph-15-01320],[@B14-ijerph-15-01320],[@B15-ijerph-15-01320]\].

Risk factors for VSDs and ASDs may differ. For example, the effects of maternal alcohol abuse, being overweight and obese are related to VSDs but not ASDs. Conversely, the influence of maternal body mass index (BMI) is evident for ASDs only \[[@B16-ijerph-15-01320]\]. High maternal age (≥35) is one of the maternal characteristics known to associate with the risk of septal heart defects (SHDs), and appears to affect both VSDs and ASDs. Smoking, drug abuse, diabetes mellitus, and some infections during pregnancy also appear to be risk factors \[[@B17-ijerph-15-01320],[@B18-ijerph-15-01320],[@B19-ijerph-15-01320]\].

The European Surveillance of Congenital Anomalies and the International Clearinghouse for Birth Defects Surveillance and Research are well-known birth defect monitoring systems \[[@B20-ijerph-15-01320],[@B21-ijerph-15-01320]\]. Birth defect surveillance in Russia reflects the principles and experiences of these systems, with certain adaptations to the Russian health care system. The registration of congenital defects in regional registries, such as in the Murmansk Regional Congenital Defects Registry (MRCDR), was implemented in 1998. These registries ideally record all birth defects, but currently only 21 are subject to annual reporting including two types of CVMs, specifically hypoplasia of the left heart (ICD-10 Q23.4) and transposition of great vessels (ICD-10 code Q20.3). By contrast, the Murmansk County Birth Registry (MCBR) records and reports on all types of birth defects.

More than 10,000 babies are born with different types of CVM in Russia annually \[[@B22-ijerph-15-01320]\]. In 2014, the Federal Russian Statistics Service (Rosstat) estimated the infant mortality resulting from CVM to be 1.5 per 1000 infants. Up to 75% of Russian babies who need life-saving surgical treatment do not receive it. By contrast, in North America modern surgical techniques allow 96--98% of babies with CVM who receive such treatment to survive and live longer \[[@B23-ijerph-15-01320]\]. On the basis of the Rosstat data, the prevalence of CVM in Russia ranges from 2.4 to 14.4 per 1000 infants, depending on the region; in Murmansk County, it was 10.9 per 1000 infants in 2010.

The aim of the current study was to identify maternal risk factors for the most frequent CVM, namely ventricular septal heart defects. Our findings constitute a first report on VSDs in Russia.

2. Materials and Methods {#sec2-ijerph-15-01320}
========================

2.1. Data {#sec2dot1-ijerph-15-01320}
---------

The study population consisted of all singleton deliveries registered in the MCBR between 1 January 2006 and 31 December 2011 (*n* = 52,253). We searched for cases of SHD followed by VSD within this population by linking information in the MCBR, and in the MRCDR for up to 2 years after birth. We applied a manual linkage procedure based on the maternal hospital ID number and the birth dates of the mother and child. Detailed description of the MCBR and MRCDR establishment and linkage procedure have been published previously \[[@B24-ijerph-15-01320]\]. Twelve cases of SHD registered in the MRCDR were not included in the study cohort because they were born outside Murmansk County, or constituted duplicate entries. Supporting data are available upon request.

2.2. Ethical Considerations {#sec2dot2-ijerph-15-01320}
---------------------------

The study received approval from by the Regional Health Administration of Murmansk County, as well as by the Ethics Committee of Gynecology--Obstetrician Association Group, Murmansk, Russia, and the Regional Ethics Committee, Tromsø, Norway. Ethical code is (reference number): 2013/2146.

2.3. Variables {#sec2dot3-ijerph-15-01320}
--------------

Information on the infant characteristics: birth weight, sex, and gestational age were extracted from the MCBR, as were the following maternal characteristics at delivery: BMI at the first antenatal visit, smoking, alcohol and drug abuse, folic acid and multivitamin intake during pregnancy, and the occurrence of maternal diabetes mellitus type 1 and 2. Smoking, alcohol and drug abuse refer to any usage during pregnancy and were coded as yes/no.

2.4. Statistical Analyses {#sec2dot4-ijerph-15-01320}
-------------------------

Comparisons of maternal characteristics for groups with VSDs and without any CVMs (control-group) involved chi-square statistics and the two-sample *t*-test for cases and non-cases; the accepted statistical significance level was set at *p* ≤ 0.05. We applied logistic regression to identify factors associated with VSDs. In the latter analysis, the risk and preventive factors considered linked to this birth defect in the literature and those found in the current study to do so. Cases with at least one missing variable were excluded, leaving 49,463 infants for the statistical analyses ([Figure 1](#ijerph-15-01320-f001){ref-type="fig"}). A multivariable logistic regression model was used and crude and adjusted odds ratio with 95% confidence intervals (CIs) were calculated. We used the statistical package SPSS v.24.0 (IBM Corp., Armonk, NY, USA, 2016).

3. Results {#sec3-ijerph-15-01320}
==========

During the study period, 52,253 eligible births were recorded in the MCBR and included 352 cases of CVM; by comparison, 508 CVM cases were noted in the MRCDR. After combining and removing duplicates, 744 cases (ICD-10 code Q20--Q28) remained. The latter correspond to a total prevalence of CVM of 14.2 per 1000. One hundred and sixteen cases of CVM were present in both registries, while 236 appeared only in the MCBR and 392 only in the MRCDR. Isolated SHDs accounted for 492 (66.1%) of all cases of CVM ([Table 1](#ijerph-15-01320-t001){ref-type="table"}).

The subdivision of the observed septal defects by ICD-10 codes was as follows: Q21.0 (VSD) was the most common defect (47.4%), with Q21.1 (ASD; 22.8%) and Q21.9 (unspecified; 23.8%) as secondary major contributors ([Table 2](#ijerph-15-01320-t002){ref-type="table"}).

The mean birth weight (3244.4 g) and gestational age (39.2 weeks) were significantly lower in the group with VSD ([Table 3](#ijerph-15-01320-t003){ref-type="table"}). The proportion of mothers who smoked, abused drugs or abused alcohol during pregnancy was also higher in this group. Multivitamin and folic acid intake were not significantly different in the compared groups.

Although lower birth weight was observed for VSD cases ([Table 3](#ijerph-15-01320-t003){ref-type="table"}), it likely shares a common risk factor with other cardiovascular malformations. For this reason it was not included in the regression analysis. After adjustment, the entry-method regression modelling results (see [Table 4](#ijerph-15-01320-t004){ref-type="table"}) suggest that smoking, alcohol abuse, and maternal diabetes constituted predictors.

Note the significant increases in risk for having a baby with a ventricular septal defect for the following factors were: 8.72 (evidence of maternal diabetes mellitus type 1 and 2); 4.83 (alcohol abuse). Maternal smoking also reached statistical significance (OR = 1.35), while male gender of the baby was protective (OR = 0.67). In a separate multiple logistic regression analysis for ASDs that included the same variables as indicated in [Table 4](#ijerph-15-01320-t004){ref-type="table"}, only male sex of the baby was statistically significant (data not shown).

4. Discussion {#sec4-ijerph-15-01320}
=============

4.1. Selected Risk Factors {#sec4dot1-ijerph-15-01320}
--------------------------

### 4.1.1. Smoking during Pregnancy {#sec4dot1dot1-ijerph-15-01320}

Recent epidemiologic studies have demonstrated associations between certain maternal lifestyle factors and the risk of CVMs in offspring including smoking, alcohol abuse, drug abuse, BMI, and psychological factors \[[@B9-ijerph-15-01320],[@B25-ijerph-15-01320],[@B26-ijerph-15-01320],[@B27-ijerph-15-01320]\]. Three meta-analyses involving more than 30 studies have investigated the association between maternal smoking during pregnancy and CVMs \[[@B28-ijerph-15-01320],[@B29-ijerph-15-01320],[@B30-ijerph-15-01320]\]. Most feature a positive association between maternal smoking and all CVMs combined. In studies with more detailed analyses, the highest risk (OR = 1.27) occurred for VSDs in a light smokers group \[[@B30-ijerph-15-01320]\]. Dose-dependent effects have been reported for atrial septum defects \[[@B16-ijerph-15-01320]\]. With reference to [Table 4](#ijerph-15-01320-t004){ref-type="table"}, women who smoked during pregnancy were approximately 35% more likely to have a child with VSD compared with women who did not do so.

Cardiac morphogenesis is complex and risk factors can potentially affect the development of multiple components of the heart. For this reason, the current study focused on ventricular septal defects. The exact mechanisms by which maternal smoking may lead to ventricular septal defects is still unknown. Findings show that maternal smoking has adverse effects on the developing fetus, including hypoxia caused by carbon monoxide, nicotine absorption and toxicity, and reduction in the supply of essential nutrients to the embryonic tissue \[[@B30-ijerph-15-01320],[@B31-ijerph-15-01320],[@B32-ijerph-15-01320]\]. Smoking prevalence is high among women of reproductive age in Russia, which has public health consequences \[[@B33-ijerph-15-01320]\]. Even though the adverse effects of smoking on reproductive health are well known, young women continue to smoke, and more than 75% of those who smoked before pregnancy continued to do so throughout their pregnancy \[[@B34-ijerph-15-01320]\]. From 2006 to 2011, the prevalence of smoking during pregnancy in Murmansk County increased from 23.8% to 27.9% according to the MCBR statistics.

### 4.1.2. Sex of the Baby {#sec4dot1dot2-ijerph-15-01320}

In our study, male infants were less likely to have VSDs compared with females. Many congenital defects do have a dependence on sex and ethnicity, although no explanation for such deviations has been forthcoming \[[@B35-ijerph-15-01320]\]. Within the field of cardiology, the issue of gender differences has received attention because it is recognized that risk factors for cardiovascular defects are unevenly distributed by sex \[[@B36-ijerph-15-01320]\]. Possibly, genetic, morphological, and neuro-hormonal factors all contribute towards determining sex-dependent differences in such prevalence \[[@B37-ijerph-15-01320]\].

### 4.1.3. Alcohol Abuse during Pregnancy {#sec4dot1dot3-ijerph-15-01320}

Our observation that alcohol abuse during pregnancy is robustly associated with the risk of VSDs is not surprising. Alcohol use by mothers during pregnancy has indeed been observed to associate with different types of CVM in children \[[@B38-ijerph-15-01320]\]. The adverse effects of alcohol on the developing fetus comprise a spectrum of structural anomalies and behavioral disabilities and lead to an increased number of newborns with fetal alcohol syndrome \[[@B39-ijerph-15-01320],[@B40-ijerph-15-01320]\]. The mechanisms by which alcohol consumption during pregnancy results in such heart defects have yet to be determined. In this context, a wide range of teratogenic effects have been documented and suggest that ethanol may produce fetal tissue edema and affect the turgor of the primitive cardiac loop \[[@B9-ijerph-15-01320]\]. Furthermore, the signaling systems that allow normal gene activation and cardiogenesis may be affected \[[@B41-ijerph-15-01320]\]. Moreover, cell death is an hypothesized mechanism for muscle formation, and alcohol exposure can result in abnormal cell development and cell death \[[@B42-ijerph-15-01320]\]. Alcohol-related studies are complicated because of the underreporting of its consumption during pregnancy. Our modelling showed that alcohol-consuming mothers had a 4.83-fold or more increased risk of having a baby with a VSD, although only six mothers of infants with VSDs reported doing so.

### 4.1.4. Drug Abuse During Pregnancy {#sec4dot1dot4-ijerph-15-01320}

Illicit uses by mothers of marijuana, cocaine, heroin or methadone were noted in the MCBR. To date, few studies have addressed drug abuse during pregnancy, and those that do focus on one specific medication or substance. The vasoconstrictors cocaine and marijuana are potential teratogens because exposure to them may result in vascular disruptions and hypoperfusion. A case-control study from Atlanta (USA) showed that maternal cannabis use, according to self- and proxy-reports, was associated with a two-fold increased risk of septal heart defects including VSDs \[[@B19-ijerph-15-01320]\]. On the basis of our multivariable logistic regression findings a near two-and-a-half-fold increase in risk was evident for drug abuse, although statistical significance was not reached \[OR = 2.39; 95% CI 0.77--7.44\].

### 4.1.5. Diabetes {#sec4dot1dot5-ijerph-15-01320}

We found that diabetes mellitus was associated with an eight- to nine-fold increased risk of ventricular septal heart defects in our study. The increasing prevalence of diabetes type 2 among women of childbearing age in Russia makes identifying and implementing effective prevention strategies a high priority \[[@B43-ijerph-15-01320]\]. Diabetes mellitus is an important pathogenetic factor that is associated with a wide spectrum of CVMs, including VSDs \[[@B12-ijerph-15-01320]\]. Although the mechanisms underlying the association between diabetes and VSDs are not well known, hyperglycemia may play a critical role \[[@B44-ijerph-15-01320]\]. Strict glycemic control before conception and during pregnancy appears to reduce risk levels, but achieving and maintaining euglycemia early in pregnancy constitutes a challenge because many diabetic women do not plan their pregnancies \[[@B45-ijerph-15-01320]\].

In our study, only diabetes Type 1 and 2 were included. Gestational diabetes, which usually develops at the end of the second trimester was not considered a risk factor because VSDs develop earlier in the pregnancy. Removal of maternal age from the final regression model (see [Table 4](#ijerph-15-01320-t004){ref-type="table"}) changed the OR of diabetes minimally, specifically from 8.72 to 8.93; as did the omission of the BMI variable (to 8.50), and of both BMI and age (8.71). This highlights the importance of diabetes as a risk factor.

### 4.1.6. Folic Acid and Multivitamins {#sec4dot1dot6-ijerph-15-01320}

One of the most important recent discoveries is that periconceptional intake of folic acid may reduce the risk of different types of septal heart defects in offspring, as it does for neural tube defects. This was first identified in an Hungarian study \[[@B46-ijerph-15-01320]\]. Findings from subsequent case-control studies have generally been supportive, but not conclusive. In addition, other studies among high-risk groups present ancillary evidence that support a protective effect of folic acid supplements \[[@B47-ijerph-15-01320],[@B48-ijerph-15-01320]\]. For example, one study showed that women who used medications that are folic acid antagonists exhibited an increased risk of having babies with CVMs, and that this risk was reduced among women who also took multivitamin supplements containing folic acid \[[@B49-ijerph-15-01320]\]. In our study, we did not have information on intake of all types of supplements during pregnancy. Nevertheless, in our logistic regression analyses multivitamin and folic acid intake were not associated with any change in the risk of ventricular septal defects.

4.2. Strengths and Limitations of the Study {#sec4dot2-ijerph-15-01320}
-------------------------------------------

The high quality of the MCBR data is considered a strength of our study \[[@B50-ijerph-15-01320]\]. Abortions that occur before 22 weeks of gestation were not included in our study, and this may constitute a limitation in the generalization of our findings. Russia has an active screening regime during pregnancy, and we suspect that some birth defect findings resulted in pregnancy terminations. Our data on smoking, alcohol abuse, and drug abuse are based on clinical evidence and self-reported information and thus may have been underestimated. The power of the current study was limited by the relatively small number of cases and this restricted the number of variables that could be considered in our modelling.

5. Conclusions {#sec5-ijerph-15-01320}
==============

We showed that alcohol abuse during pregnancy, as well as maternal diabetes mellitus were risk factors for delivering infants with ventricular septal defects. The effects of smoking during pregnancy were marginal. Male offspring were somewhat less susceptible. Potentially numerous cases of VSDs are preventable in Russia if health policy makers were to pay more attention to established risks.
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ijerph-15-01320-t001_Table 1

###### 

Incidence and prevalence ^a^ of cardiovascular malformations (CVMs) for the combined data set of newborns registered in the Murmansk County Birth Registry (MCBR) and the Murmansk Regional Congenital Defects Registry (MRCDR) during the period 2006--2011.

  ICD-10 Code ^b^   CVM                                                            Cases   Prevalence ^c^   
  ----------------- -------------------------------------------------------------- ------- ---------------- ----------------------
  Q20               Congenital malformations of cardiac chambers and connections   14      1.9              0.27 (0.2--0.5)
  Q21               Septal defects                                                 492     66.1             9.4 (8.6--10.3)
  Q22--23           Valves defects                                                 32      4.3              0.6 (0.4--0.9)
  Q24               Other congenital malformations of the heart                    51      6.9              1.0 (0.8--1.3)
  Q25--27           Vessels anomalies                                              88      11.8             1.7 (1.4--2.1)
  Q28               Other congenital malformations of the circulatory system       2       0.3              0.038 (0.037--0.040)
  Multiple          Two or more                                                    65      8.7              1.2 (1.0--1.7)
  Q20--28           All                                                            744     100              14.2 (13.2--15.3)

^a^ Among all 52,253 study-period newborn. ^b^ ICD-10: International Statistical Classification of Diseases and Related Health Problems, 10th Revision. ^c^ Prevalence per 1000 infants with 95% confidence interval.

ijerph-15-01320-t002_Table 2

###### 

Distribution of septal heart defects (SHDs) for the combined data set of newborns registered in the MCBR and the MRCDR during the period 2006--2011.

  ICD-10 Code ^a^   CVM                                Cases   
  ----------------- ---------------------------------- ------- ------
  Q21.0             Ventricular septal defects         233     47.4
  Q21.1             Atrial septal defects              112     22.8
  Q21.2             Atrio-ventricular septal defects   10      2.0
  Q21.3             Tetralogy of Fallot                6       1.2
  Q21.4             Aorto-pulmonary septal defects     9       1.8
  Q21.8             Other                              5       1.0
  Q21.9             Unspecified                        117     23.8
  Q21               All                                492     100

^a^ ICD-10: International Statistical Classification of Diseases and Related Health Problems, 10th Revision.

ijerph-15-01320-t003_Table 3

###### 

Characteristics of the groups with ventricular septal defects (VSDs) and those without any CVMs (Q21) for the combined data set of newborns registered in the MCBR and the MRCDR during the period 2006--2011.

  Variables                               Cases, *n* = 233 ^a^   Non-Cases, *n* = 49,230 ^a^   *p*-Value ^b^           
  --------------------------------------- ---------------------- ----------------------------- --------------- ------- ---------
  Infant characteristics                                                                                               
  Birth weight (g), mean ± SD             3244.4                 677.6                         3377.2          546.5   \<0.001
  \<2500                                  30                     12.9                          2211            4.5     
  2500--3999                              179                    76.8                          41,958          85.2    
  ≥4000                                   24                     10.3                          5061            10.3    
  Sex, male                               98                     42.1                          25,571          52.0    0.003
  Maternal characteristics                                                                                             
  Age at delivery (years), mean ± SD      26.06                  5.44                          26.79           5.27    0.43
  \<18                                    3                      1.3                           727             1.5     
  18--35                                  209                    89.7                          45,429          92.3    
  \>35                                    21                     9.0                           3074            6.2     
  Gestational age (weeks), mean ± SD      39.2                   2.3                           39.5            2.2     0.05
  BMI (kg/cm^2^), mean ± SD               23.37                  4.57                          23.49           4.28    0.67
  \<18.5                                  16                     6.9                           3103            6.3     
  18.5--24.9                              157                    67.4                          32,325          65.7    
  25.0--29.9                              40                     17.2                          9712            19.7    
  30.0--34.9                              15                     6.4                           3084            6.3     
  35.0--39.9                              3                      1.3                           782             1.6     
  ≥40                                     2                      0.9                           224             0.5     
  Smoking during pregnancy                74                     31.8                          12,234          24.9    0.02
  Alcohol abuse during pregnancy          6                      2.6                           178             0.4     \<0.001
  Drugs abuse during pregnancy            4                      1.7                           173             0.4     0.01
  Folic acid intake during pregnancy      175                    75.1                          36,545          74.2    0.76
  Multivitamins intake during pregnancy   211                    90.6                          45,568          92.6    0.25
  Diabetes mellitus Type 1 or 2           4                      1.7                           94              0.2     0.001

^a^ The number of cases and non-cases are less than the entire study population due to missing values of the independent variables. ^b^ *t*-test, Chi-square test, or Fisher's exact test.
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###### 

Multivariable logistic regression. Crude and adjusted odds ratio (OR) with 95% confidence interval (CI) of ventricular septal defects ^a^ for the combined data set of newborns registered in the MCBR and the MRCDR during the period 2006--2011.

  Variables                               Crude   Adjusted ^b^          
  --------------------------------------- ------- -------------- ------ -------------
  Maternal age at delivery (years)                                      
  \<18                                    0.90    0.29--2.81     0.84   0.27--2.65
  18--35                                  1       Reference      1      Reference
  \>35                                    1.49    0.95--2.33     1.53   0.97--2.41
  Maternal BMI (kg/cm^2^) ^c^                                           
  \<18.5                                  1.06    0.63--1.78     1.10   0.66--1.85
  18.5--24.9                              1       Reference      1      Reference
  \>25                                    0.90    0.66--1.21     0.86   0.63--1.16
  Smoking during pregnancy                1.41    1.07--1.86     1.35   1.02--1.80
  Alcohol abuse during pregnancy          7.28    3.20--16.60    4.83   1.88--12.42
  Drugs abuse during pregnancy            4.95    1.82--13.46    2.39   0.77--7.44
  Folic acid intake during pregnancy      1.05    0.78--1.41     1.14   0.84--1.55
  Multivitamins intake during pregnancy   0.77    0.50--1.20     0.99   0.69--1.43
  Diabetes mellitus type 1 or 2           9.13    3.33--25.04    8.72   3.16--24.07
  Sex (male)                              0.67    0.52--0.87     0.67   0.52--0.88

^a^ There were 233 cases and 49,230 non-cases. ^b^ Each variable is adjusted for the other listed variables. ^c^ BMI: body mass index.
